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ABSTRACT  
The main purpose of this paper is to present a systematic review of several techniques and 
approaches in sustainable and renewable energy systems problems. Electricity consumption will 
comprise an increasing share of global energy demand during the next two decades. In recent 
years, the increasing prices of fossil fuels and concerns about the environmental consequences of 
greenhouse gas emissions have renewed the interest in the development of alternative energy 
resources. Renewable energy is now considered a more desirable source of fuel than nuclear 
power due to the absence of risk and disasters. Hydro power is currently the largest renewable 
energy source for power generation around the world. Hydro electricity generation has had a 
strong increase over the past 50 years. Considering that the major component of greenhouse gases 
is carbon dioxide, there is a global concern about reducing carbon emissions. In this regard, 
different policies could be applied to reducing carbon emissions, such as enhancing renewable 
energy deployment and encouraging technological innovations. Two main solutions may be 
implemented to reduce CO2 emissions and overcome the problem of climate change: replacing 
fossil fuels with renewable energy sources as much as possible and enhancing energy efficiency. 
In this paper, we discuss alternative technologies for enhancing renewable energy deployment and 
energy use efficiency.  
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1. INTRODUCTION  
Considering that the major component of greenhouse gases (GHGs) is carbon dioxide, 
there is a global concern about reducing carbon emissions. In this regard, different policies could 
be applied to reduce carbon emissions, such as enhancing renewable energy deployment and 
encouraging technological innovations. In addition, supporting mechanisms, such as feed-in 
tariffs, renewable portfolio standards and tax policies, are employed by governments to develop 
renewable energy generation along with implementing energy use efficiency for saving energy. 
Many countries have started to install facilities that use renewable energy sources for power 
generation. The importance of alternative energy sources comes together with climate change 
challenges associated with the excessive use of fossil fuels. There are three primary motivators 
that stimulate the growth of renewable energy technologies: energy security, economic impacts 
and carbon dioxide emission reduction. The term “alternative energy” refers to any form of energy 
other than the conventional sources of energy, including hydropower.  
 
In recent years the focus has been on renewable energy sources. IEA (2012d) refers to two 
significant global trends that should characterize the deployment of renewable technologies over 
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the medium term. First, as renewable electricity technologies scale up, from a total global supply 
of 1,454 gigawatts (GW) in 2011 to 2,167 GW in 2017, they should also spread out 
geographically. Second, the more recent years of high fossil fuel energy use has led renewable 
technologies to become increasingly competitive on a cost basis with their alternatives in a 
number of countries and circumstances. According to IEA calculations, wind is the most 
competitive type of renewable energy technology among the other options, if local conditions 
such as financing, CO2 emission levels and fossil fuel prices prove favorable (OECD, 2010). 
When talking about clean technologies, there are two primary concepts of energy technologies: 
energy supply technologies, which refers to alternative sources of renewable energy (e.g., wind 
and solar power), and energy efficiency technologies, or those technologies which are hired to 
enhance energy use efficiency, (e.g., combined heat and power (CHP), virtual power plants (VPP) 
and smart meters). It should be noted that transforming the energy sector and replacing 
conventional energy with renewable energy is evolutionary associated with technological change 
and forming markets. Jacobsson and Bergek (2004) indicate that the transforming process for 
certain forms of renewable energy, such as wind and solar, will happen after 2020, even if the 
growth rate of consumption is strongly increasing over the next decade. Also, renewable energy 
markets are not easily formed due to cost disadvantages and the subsidizing of fossil fuels. 
 
2. RENEWABLE ENERGY SUPPLY TECHNOLOGIES  
 
The renewable energy supply is continuously increasing. A large amount of investment 
has been made during recent years and the advancement of technology has enabled countries to 
produce renewable energy more cost effectively. It is forecasted that the number of countries 
producing above 100 megawatts (MW) of renewable energy will increase significantly by 4 2017 
(IEA, 2012d). Due to some negative and irreversible externalities coming with conventional 
energy production, it is necessary to promote and develop renewable energy supply technologies. 
These technologies may not be comparable with conventional fuels in terms of production cost, 
but they could be comparable if we consider their associated externalities, such as their 
environmental and social effects. Also, it should be noted that economies of scale could play a key 
role in reducing the unit production cost. Transmission and distribution costs, as well as 
technologies, do not differ much among the conventional and renewable energies. Below we 
present facts about the development of the main renewable energy supply technologies. 
 
2.1 Hydro power 
 
Hydro power is currently the largest renewable energy source for power generation around 
the world. Hydro electricity generation has had a strong increase over the past 50 years. It was 340 
terawatt-hour (TWh) in 1950 and covered about one-third of the global electricity demand. It 
increased to 1,500 TWh in 1975 and further to 2,994 in 2005. We can compare this to the global 
consumption of 15,000 TWh of electricity with a global production of 18,306 TWh in 2005 (Ngô 
and Natowitz, 2009). Currently, hydro power development is difficult due to a large initial fixed 
investment cost and environmental concerns. Additionally, hydro power has caused problems for 
local residents associated with the need to relocate large populations, as well as the construction 
of dams is permanent with a sunk cost of utilities which cannot be removed. The environment is 
also influenced by hydro power construction because of large engineering works. On the other 
hand, hydro power is attractive due to a preexisting supply of water for agriculture, household and 
industrial use and hydro power is clean and enables the storage of both water and energy. Also, 
the stored energy can be used for the application of both base-load and peak time power 
generation. 
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Fig.1 Worldwide hydro electricity consumption 
2.2 Wind power  
 
The installed capacity of wind power has increased from 4.8 MW in 1995 to more than 
239 GW in 2011. Today, each wind turbine could generate as much electricity as a conventional 
power plant. Wind energy has made its most significant contributions in China, the US and 
Germany, where the cumulative installed capacities is 62, 47 and 29 GW, respectively. Figure (3) 
shows the worldwide wind installation capacity trend based on the BP (2012) report. The trend 
shows that wind capacity installation has increased continuously throughout the last two decades. 
IEA estimates that the global capacity will increase from 238 GW in 2011 to almost 1,100 GW by 
2035, of which 80% will be derived from onshore wind turbines (IEA, 2012e). According to this 
report, offshore wind capacity is expected to grow fairly quickly from 4 GW in 2011 to 175 GW 
by 2035 as a result of public support. This target will be achieved if the required investment is 
made based on the design plan.  
 
2.3 Solar power  
 
 
 
Fig.2 Cumulative installed solar PV capacity 
 
During the two last decades, the economic feasibility of solar power for residential, 
commercial and industrial consumption has been investigated by researchers. Industrial countries 
like Japan and Germany are looking for alternative sources of energy such as solar power due to 
the limited availability of natural primary energy sources. In early 1990s, Japan started to take 
advantage of large-scale electricity generation by solar photovoltaic (PV), and was soon followed 
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by Germany. Currently, both countries have taken the lead in the manufacture and production of 
solar power technologies. More recently, China has developed an extensive solar power capacity 
due to cheap labor and government subsidies, in turn, decreasing the cost of solar power 
generation. 
 
2.4 Geothermal 
 
Geothermal is a type of thermal energy generated and stored within the Earth. It has been 
used throughout history for bathing, heating and cooking. Geothermal energy is created by 
radioactive decay, with temperatures reaching 4,000˚C at the core of the Earth. While geothermal 
energy is available worldwide, there is an important factor called the geothermal gradient that 
indicates whether a region is a favored place for enactment. It measures the rate at which the 
temperature increases as the depth of the Earth increases. For example, the average geothermal 
gradient in France is 4˚C/100m with a range of 10˚C/100m in the Alsace region to 2˚C/100m in 
the Pyrenees Mountains. In Iceland and the volcanic regions, the gradient can reach as high as 
30˚C/100m. The geothermal gradient is not the only tool used to measure the accessibility of 
geothermal energy. The permeability of rocks, which determines the rate of flowing heat to the 
surface, is considered to be another important measure in the availability of geothermal energy. 
Geothermal energy has a major advantage compared to wind and solar energy in that it is 
available 24 hours a day through the year. According to Ngô and Natowitz (2009), the estimated 
CO2 emissions produced by geothermal resources are 55 g/kWh when utilizing data from a 
survey of 73% of the geothermal power plants. There is the potential that this value could be 
decreased to zero if geothermal fluid is re-injected into the ground. A total of 24 countries are 
currently using geothermal power plants. The total installed capacity was 11 GW in 2011. 
 
 
 
Fig.3 Cumulative installed geothermal capacity 
 
2.5 Other renewable sources 
 
There are other types of renewable energy sources including biomass, ocean waves and 
tides. Biomass is defined as living plants and organic waste which are made by plants, human, 
marine life, and animals. Based on Tester (2005), the main advantage of biomass is availability, as 
it can be readily found in all places. Many kinds of energy can be produced from biomass: 
electricity, cooking heat, chemical feedstock, etc. As a feedstock, biomass has a lower sulfur 
content than coal and a lower emission is produced by combustion. In early 2000, the United 
States had an installed capacity of 11 GW from biomass including the forest product and 
agricultural industry, municipal and solid waste industry, and other sources (Ngô and Natowitz, 
2009). Extracting energy from the ocean is considered to be an interesting option, due in part to 
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the wide availability of ocean sources. There are six different resources which are available from 
oceans: offshore wind energy, wave power, marine current energy, ocean thermal energy 
conversion, tidal power, and osmotic power. The Bay of Fundy has the largest tidal range in the 
world that enables it to support a power station with a capacity of 2 GW or more (Tester, 2005). In 
this paper we considered hydro, wind, solar and geothermal energy, because of their main 
contribution to renewable power generation.  
 
3. ENERGY EFFICIENCY TECHNOLOGIES  
 
As previously mentioned, there are two main solutions to reducing CO2 emissions and to 
overcoming the climate change problem: replacing fossil fuels with renewable energy sources as 
much as possible and through enhancing energy efficiency. We discussed the state of the art 
methods for technical and economic feasibility of expanding the use renewable energy sources 
and the possibility of substitution in the first part of this review. In this part that follows, we 
discuss energy efficiency technologies. Energy efficiency for an electricity network could be 
considered in different stages, such as the power generation, transmission, distribution and 
consumption. The different technologies that are currently available include electric vehicles 
(EV), combined heat and power (CHP), virtual power plants (VPP) and smart grids, each of which 
is discussed below. 
 
3.1Electric Vehicles 
 
Electric vehicles (EV, including the battery, fuel cell, and hybrid types) have the potential 
to be considered viable options for both electricity storage and power generation. Considering that 
the transportation sector is one of the main sources of emissions, improving fuel efficiency 
enables us to achieve the largest fuel savings and CO2 reduction in the short term. Thus, the 
increased usage of EVs and increasing their share of the vehicle fleet can play a key role in the 
long term. IEA (2012c) forecasted an increased share of plug-in hybrid electric vehicles (PHEV) 
over the next two decades, with a total increase of up to 50% by 2050. “In long-term, smart grid 
technology may enable EVs to be used as distributed storage devices, 21 feeding electricity stored 
in their batteries back to the system when needed (vehicle to grid), to help provide peak-shaving 
capability.” 
 
3.2 Combined Heat and Power 
 
Cogeneration, or combined heat and power (CHP), is the use of heat and electric power 
together. It is expected to have a substantial gain in efficiency over each source separately. Most 
power distribution companies supply only electricity, not hot water or steam. Considering that 
almost 30-40% of a country’s total energy load is used for heating, CHP is an efficient use of fuel 
when a portion of the energy is discarded as waste heat. It captures some or all of the waste 
energy as a by-product for heating. In Reykjavik and New York, end users are able to purchase 
both electricity and thermal energy from a utility company (Tester, 2005). An example of 
cogeneration is the CHP unit in Avedore, Denmark which is a multifuel plant (Ngô and Natowitz, 
2009). Shipley et al. (2008) calculated that increasing the CHP capacity of the United States to 
20% by 2030 would lead to a reduction of 5.3 Quads (Quadrillion British Thermal Units) of 
energy consumption and 848 MMT of carbon dioxide emissions. Based on their findings, the 
United States would save more than 1.9 Quads of fuel consumption and 248 million metric tons of 
carbon dioxide emissions by employing CHP. According to the WEO (2012) report, the average 
efficiency of power plants is 41% worldwide, with almost 60% of the primary energy being 
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converted to waste heat (IEA, 2012e). CHP could transform a significant part of the waste heat 
into a positive economic value for industrial processes or heating in residual and commercial 
buildings. It is estimated that new CHP units could improve energy efficiency to a level greater 
than 85%. 
 
3.3 Virtual Power Plant 
 
A Virtual Power Plant (VPP) is a cluster of distributed energy resources, such as micro-
CHP, wind turbines, and solar photovoltaic panels, which are controlled and managed by a central 
control unit. The term distributed energy resources (DER) can be used for fossil or renewable 
energy fuels. A DER system has been defined in order to overcome energy waste problems due to 
long distances and transmission losses. Therefore, DERs are generally located close to the 
distribution networks. The concept of VPP is used for DER integration. According to the Europe 
FENIX project , there are two types of VPPs, the Commercial VPP (CVPP) and the Technical 
VPP (TVPP). DERs can simultaneously be part of both a CVPP and a TVPP. A commercial VPP 
is defined as a portfolio that could be used by a DER to participate in electricity markets. CVPPs 
can represent a DER from any geographic place in an electricity network. A technical VPP 
enables operators to facilitate DER energy capacity and optimize the power balance in the system 
with the minimum cost. 
 
3.4 Smart meter  
 
The most important objective for power generation companies in demand side 
management is to reduce peak demand during a certain period. In this regard, a smart meter is a 
device to record the consumption of electricity in hourly intervals and the information is 
monitored by both the utility and customer. A smart meter is able to have two way communication 
and intelligence management for home appliances. Hartway et al. (1999) examined the application 
of smart meters and customer choice control in order to show that a time-of-use (TOU) strategy 
can be beneficial for a utility company. The results show that the TOU rate option could result in a 
107 kWh energy savings for each customer per year. They calculated the annual savings on 
customers’ electricity bills to be $77 with a cost savings of $134 per customer for the utility 
company. Applying smart meters could facilitate a significant change in the energy efficiency of 
electricity networks. 
 
4. MAIN DRIVERS FOR USING RENEWABLE ENERGY TECHNOLOGIES  
 
4.1 Energy security  
 
Concerns about the security of the energy supply were raised after the Arab oil embargo in 
1973. Additional factors included high oil prices, the increasing dependency on oil imports, the 
depletion of fossil fuels, an increasing competition from emerging economies, political instability 
in major oil producers and a high impact due to any disruption in energy supply on developed and 
rapidly developing countries (Bhattacharyya, 2011). The level of insecurity was shown by the risk 
of supply disruption and estimated costs associated with security improvement. Owen (2004) 
called the security of energy supplies a key requirement for the economic, environmental and 
social objectives of sustainable development policies. In his view, the energy security risk could 
be classified as strategic and domestic system risks. He also defined damage costs and control cost 
as potential costs imposed by energy insecurity. He argued that the damage cost could be 
evaluated by potential decreases in GNP, but that it is difficult to estimate how much money is 
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spent as control costs. For example, it’s very difficult to estimate how much money has been spent 
by the United States to control oil security. 
 
4.2 Economic impacts 
 
The emphases for economic impacts are job creation, industrial innovation and balance of 
payment. Renewable energy technologies could enable countries with good solar or wind 
resources to employ these energy sources to meet their domestic demand. Also, renewable energy 
technologies may even enable these countries to utilize renewable energy sources with long-term 
export potential. Moreover, the cost of importing fuels can affect economic growth. If these 
countries could reduce their balance of payment by producing their own renewable energy to 
replace their dependence on fossil fuels, it could raise the capacity for investment in the other 
sectors. IEA created a cost-benefit analysis for the investment in low-carbon energy systems 
based two scenarios: ETP 2012 6˚C (6DS), which assumes business as usual and 2˚C (2DS), 
which targets the reduction of carbon dioxide emissions by 50 percent, using 2005 levels as the 
benchmark. The results estimate that 103 trillion dollars will be saved during the years 2010-2050 
by reducing fossil fuels consumption. This calculation is based on the reduction in fossil fuels 
purchases (214 Gtoe), although the estimate could increase to 150 trillion dollars if the impact of 
lower fuel prices is taken into consideration. A main economic driver to the enhancement of 
renewable energy technologies is their job creation potential. It’s estimated that 5 million people 
work in renewable energy industries. Although, total employment in these industries has 
continued to increase, the recent global recession, coupled with policy changes, has caused the 
employment in some countries (e.g., Germany and Spain) to decrease. Figure (4) shows the 
distribution of estimated jobs in renewable energy worldwide by industry based on the GSR 2012 
report. 
 
 
 
 
Fig.4 Estimated jobs in renewable energy worldwide, by industry 
 
4.3 CO2 emission reduction 
 
Renewable energy technologies could reduce carbon dioxide emissions by replacing fossil 
fuels in the power generation industry and transportation sector. Life-cycle CO2 emissions for 
renewable energy technologies are much lower than fossil fuels. The life-cycle balance is also 
considered to be an important factor in the heat and transportation sectors. Based on an analysis 
performed by the IEA, renewable power generation enabled countries to save 1.7 Gt of CO2 
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emissions in 2008, a figure that is more than the total power sector’s CO2 emissions in the 
European region. This analysis shows that hydropower technology constitutes the largest share for 
saving CO2 emissions with 82 percent, followed by biomass and wind with 8 and 7 percent, 
respectively. 
 
 
 
Fig.5 Saving in CO2 emissions between no-RE and the 450 ppm scenarios in 2030 
 
5. RESULT AND DISSCUSSION 
 
Ongoing concerns about climate change have made renewable energy sources an 
important component of the world energy consumption portfolio. Renewable energy technologies 
could reduce carbon dioxide emissions by replacing fossil fuels in the power generation industry 
and the transportation sector. Due to negative and irreversible externalities in conventional energy 
production, it is necessary to develop and promote renewable energy supply technologies. Power 
generation using renewable energy sources should be increased in order to decrease the unit cost 
of energy and to make them compatible with a competitive alternative to the conventional energy 
sources. Two main solutions may be implemented to reduce CO2 emissions and to overcome the 
problem of climate change: replacing fossil fuels with renewable energy sources as much as 
possible and enhancing energy efficiency regardless of type. In this review, we considered hydro, 
wind, solar and geothermal sources, because of their significant contribution to power generated 
by renewable sources. Renewable energy production and supply is continuously increasing on the 
global level. 15% 15% 1% 4% 5% 10% 37% 4% 1% 2% 6% OECD Europe OECD North 
America OECD Pacific Brazil Russia India China Africa Middle East Other Latin America 29 
Following the drastic increase in oil price and its impacts on both coal and gas prices, a large 
amount of investment has been made over recent years in renewable energy. These advancements 
in technology have enabled countries to produce renewable energy in larger quantities and more 
cost effectively. Due to negative and irreversible externalities associated with conventional energy 
extraction and consumption, it is necessary to promote and develop renewable energy supply and 
consumption.  
 
Improved energy efficiency is an important way to reduce energy use, and thereby CO2 
emissions, and to overcome the climate change problem. We discussed state of the art methods for 
the technical and economic feasibility in the implementation of renewable energy sources, as well 
as the possibility of their combined use and substitution in the first part of this review. In the latter 
part we discussed energy efficiency technologies. Energy efficiency for electricity networks can 
be considered in different stages, such as power generation, transmission, distribution and 
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consumption. For this purpose, different energy 30 efficiency technologies are available, 
including electric vehicles, combined heat and power, virtual power plants and smart grids. Each 
of these technologies was discussed in detailed and their performances compared.  
 
Electric vehicles have the potential to be used for both power generation and storage. 
Given the fact that transportation is a main contributor to the problem of emissions, improving 
fuel efficiency with the adoption of electric vehicle technology on a large scale will enable greater 
energy savings and CO2 reductions. Advances in smart grid technology impact the large scale use 
of electric vehicles and enhance the efficiency of the technology. 
 
The driving force for using renewable energy technologies are energy security, economic 
impacts, and CO2 emission reduction. The level of insecurity is reflected by the risk of supply 
disruption and the estimated costs of security itself. The emphases for the economic impacts are 
job creation, industrial innovation and balance of payment. Renewable energy technologies could 
enable countries with good solar or wind resources to implement these energy sources to meet 
their own domestic demand. Moreover, the cost of importing fuels can affect economic growth. If 
these countries could reduce their balance of payment by producing their own renewable energy 
to replace their dependence on fossil fuels, they could expand their capacity for investment in 
other sectors. Renewable energy technologies could reduce carbon dioxide emissions by replacing 
fossil fuels in the power generation industry and transportation sector. Life-cycle CO2 emissions 
for renewable energy technologies are much lower than fossil fuels. 
 
6. CONCLUSION 
 
This review of renewable energy generation and efficiency technologies has provided 
detailed and useful information that can be used in the decision making of different stakeholders 
in the rapidly developing market. Each technology has both advantages and disadvantages that 
vary by location, availability, the technological capability of producers, financial limitations and 
environmental considerations. Each municipality, region or country has different initial conditions 
that determine the energy mix that can be produced at the lowest cost while minimizing the harm 
done to the environment. Thus, there is no single solution to every energy need and problem, but 
rather an optimal location specific solution among a set of possible renewable solutions. 
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